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I. -
A. Ibis qv'.rly smmary report is the ft fth under Contract, N.r-97(00)

and "on the period fr Au astl, 1952 to October 3, 1952. The object of this
on6tract in as follows Shal conduct resear6h in the synthesis of polnitro com-

pounds to include, but not necessarily be linited to, a review of the chemistry
end the processes of preparation of the more useful procots of research frm the
nitropolymer program and investigate the application of processes not now eVmloed
in the preparation.

B. The more Important results and conclusions of the work reported are pre-
sented belowt

1. The high pressure nitrations of cyclohexanon with 30% nitric acid
gives adipic acid only. The yields run up to 49%.

2. 2-Mitrobutane can be nitrated with 62 nitric acid at 1806C. and
1000 p.s.i.g. to give 2,2-dinitrobutane in 10% yield.

3. When nitric acid and 1-nitropropane are reacted under pressure at
lW0C., there is conuiderable g" formed and no isolatale product. Small mounts
of 1-sitropropane can be recovered.

4. 2,2-Dinitropropane and 2-nitropropane are the major products when
propane and nitric acid are reacted under pressure.

5. A process is given for pilot plant production of 2,2-dimitropropame-
dial on a 0.15 lb-mol scale.

6. The material and labor cost for DUPD pilot plant production is
11.4 per lb.

nI. NIG1 1 U1'9.ATIO ~U

A.

In attempts to introduce the nitro groap into a cyclic compoand, or to
break the cyclic chain and retain nitro grops, oycleI meno we used as the Me-

ple of the cyclic keteos. Me. cycc heanone and N0 nitric acid wre reacted
for 20 win. at 1000 p.s.i.g. in the high pressure system the oly product
isolated va adipic acid, nmp. 150-151"C. Seven tmperature wore used, ranging
from 8 0 bC. to 1W0C. At the higher temperatures, the yields wsre lowr and more
gas me formed.

Temeratur, C., Leld of AdiUio Acd

OD 39
90 40
100 45

12M 43
140 49
160 37
180 29

SECURITY 1~Q10N
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A run was made using 90% nitric acid in one stage of the pmp and cycle-
hexanone dissolved in acetic anhydride in the other stage of the pump., Directly
follodng the mixing point, at room temperature, excessive heating took place and
after 40 min. of the run the line pluged from decomposition residue. So productcould be isolated.

2-itrobutane was nitrated in the presmre system at 1000 p.s.i.g. and
180C. with 62% nitric acid. When the nitric acid to nitrobutane mole ratio was
3 to 1, a 10% yield of 2,2-dinitrobutane was obtained. Of the original 2-nitro-
butane, 36% was recovered.

C. l-ITROOPAE

In an attempted pressure nitration of 1-nitropropane at 1000 p.s.i.g. and
l80'C. with 62% nitric acid there was excessive gassing. Of the 4550 al. of total
material fed to the reactor, only 2770 ml. were recovered as product. From this
reaction product, the only compound obtained was 10% of the original 1-nitropropane.

D. PROPANE

The investigation of the preparation of DEP (2,2-dinitropropane) from
propane and nitric acid was undertaken so that a comparison could be made of the
cost of producing DNP by the oxidative-nitration reaction and directly from
propane. When 60% nitric acid and propane were reacted at 180eC., 1000 p.s.i-.g
pressure, in a 1 to 1 mole ratio, local heating or "hot spots" became uncontrollable.
'hen 40% nitric acid was used under similar conditions, DIP and 2-nitropropane were
the only products isolated. The quantity of 2-NP produced under these conditions
is about 2.5 moles for each mole of DEP.

This work is not completed and more favorable conditions will be studied
when the reaction system is revised for better heat control.

III. PnLo PLANT PROCESS FOR DNPD (2t2-DINITRO-1.3-ROPAIDIOL)

A. DISCUSSION

We have examined the DPD preparation from nitromthane and formaldehyde
using the oxidative-nitration reaction. It was thought desirable to find an ex-
tractant other than ethyl ether and a more readily available recrystallising solvent
than 1-chloro-l-nitroethane. The use of these two solvents does give a very high
grade product, but the use of ether in the pilot plant is hasardous and undesirable.
The use of isopropyl acetate as the extracting solvent and ethylene diebloride as
the recyrstallising solvent produces a product of acceptable quality. Isopropyl

*Cemsrcial Solvents Report Q-3, p. 2.

Ca nMuN



w O M O Reprtme

acetate has f avorable distribation cooffloiuats as does ethyl acetate, bit was
reforred as it forms a minlwam boiling aseotrope with water, thus elinimating

chemical drying of the extract, .O gram of WO19 can be recrystallized from 1.5
to 2.0 al. of ethylene dioblorids with good recovery.

1. Gilver itrate Recover,

The silver sake filtered from previous runs, equivalent to 0.3 =l,
is placed in a stainleas steel or ceramic vessel which can be heated and agitated.
The 27 lbs. (0.43 ml) of nitric acid, calculated to weight from the carboy analysis,
is added in portions in a well ventilated hood. When the reaction has subsided, the
solution is heated to the boiling point with agitation, and this is contimed until
all the netal has dissolved. The solution is made up to 150 ibe. total weight with
clorine-free water and the pH is adjusted to 5.9 with sodiun hydroxide. A 100-g.sample is taken, diluted to cne liter and aliquots titrated with standard mm ium
thieyanste solution using a ferric sulfate indicator. The amunt of silver nitrate
freoent in the solution is caleaated and if not 51.0 lbs. (0.30 mol), it is mad

p to that wght by adding silver nitrate crystals. This solution is then ready~for the reaction when cooled to 150C.

2. Salt P"ewAatin

A vessel with efficient cooling is required for this stop. When un-
available, part of the water added mat be replaced by crushed ice. Add to the
vessel 9.2 lbs. (0.15 mol) of nitro mthane, 9.0 lbs. (0.30 mol) of formaldehyde as
24.3 lbs. of 37% solution, and 47 lbs. of water. Agitate and chill the solution and
slowly add 6.6 lbs. (0.16 ml) of tech. sodium hydroxide dissolved in 13 lbs. of
water, keeping the temperature below 306C. Cool before using to 150C.

3. 2&dativ-ttratien Raction

The silver nitrate solution is placed in a vessel equipped with cool-
Ing coils or jacket and an efficient stirrer. The salt solution is added as rapidly
as possible, holding the temperature below 256C., and the restlting slarry is stirred
for 1/2 hr. The precipitated silver should be spong in nature and green in coler
for easy filtering.

4. Wd LO n

The reaction mxtare is filtered end the silver oaks waMed and re-
turned for silver nitrate recovery. The filtrate is extracted bs mean of a packed
oolmn or betchvise by three extractions of iseproWl aestate, eaeh voln of solven
being equal, to one-half the velum of the exbracted solutione. The raffinate is dis-
cardeif no silver Lns ae present. If silver is present, it may be recovered by
mulldn the raffinate basic with hydroidde and filtering. an filtrate is m dig
carded and the precipitate of silver exode is added to the silver oake for recovery,

Me drying of the iseprowl acetate ext aet is meessary as the
wter-isop ol aeetate asetrope will remove the dissolved Wter *e oeee rating.
1he extract Is oonee ated t the MIIM ve.ms', trying to reve eall the aoetato
and keeping the liqupd temperature below 4r@0 The rosiae Is then diselved 1a
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25 lbs. of ethylene dichloride at 80-813C., filtered and treated with char if nees-
nary and cooled to 56C. After filtering off the crystallized DNPD, there should be
12 to 15 lbs. of dried MMD. A second crop is obtained by evaporating and cooling
the combined mother liquors.

C. ATRIAL AND A COSTS

The cost of starting materials and losses are tabulated for a 0.15 lb-mol
reaction. Labor is estimated to require two operators for 24 hrs. plus one-third
the time of a supervisor, or $5.10 per hour. The yield is based on 50%, or 12.5 lbs.
of DNPD.

Nitromethane $2.30
Formaldehyde .63
Sodium hydroxide .25
Sodium nitrite .83
Silver nitrate (2% loss) 8.68
Nitric acid 1.49
Isopropyl acetate (10% loss) 5.30
Ethylene dichloride (40% loss) 1.20

Total 20.68
Labor 122.50

Total cost for labor and material $143.18

Labor and material cost per lb. DNPD $11.44
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